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This .investigat”ion was condubted “to determine the
effect of more cor.plete scavenging on the full throttle
power and the fuel” ”consumptiion of a four-stroke-cycle “eh-
gine. The N.A.C.A.” single-cylinder, universal test’”engine’”
equip,ped with bot’h”a fuel-injection “system end a’ carburetor

“ was used. The ‘engine tias scavenged by using a’.larg”e valve
overlap and maintai.nizg a pressure in the inlet manifold of
2 inches of mercury abo%e atmos~heric. ” The maximum valve+
overiap used was 1120. Tests were conducted f.or a range of
compression ratios fro~ 5.5 to 8.5. Zxcep;t for variable

.& speed tests, all tests vere conducted at ‘an engine ‘speed of
1,500 r.p.m. The results of the tests show that the clear-
ance volume of. an .engin”b can “be scave”hged by using a large

. . valve overlap’ and about 2 to !5 inche~ of Iae”rcury pressure
difference between the inlet end exhatist.valve. Wit,lla

● fuel-injection system when “the:clearanc’e volume wa$ scav-
enged, a, ,b.m.b.p. “of over 185 potznds per square”inch and
a fuel consumption of 0.4!3 pound. per brake horsepower per
hourwere oktainedwi.th a 6;5 compression ratio”. An in-
crease of. approximately 10 nounds per square inch ‘b.m.e.p.
was obtained.with a fuel-in~ecti.on system over that rith a
carburetor. ““ : ,-,

,.., .

“ IMTRODtiCTION , .. . .

.,..
Scavenging is the process “of removing the OXha~st -

gases from an engine. In the conventional four-stroke-
cycle engine all the exhaust gases ex6”6pt those in-the
clearance space are force~ otit.of;the. ejlinder by the
piston on the exhaust strok~.: Consequgnily, the etigine
can not: induct a charge of~greater volume t~an that of
the displacement ‘volume; ~hefeas, if the’ Clearance v~~ume

—.

could also be scavenged, the engine could induct a fresh



#

2“
. . . . .. . . . ... . -—..

. . . .. .
Charge equal to tb.e ,di~p”~a~~-tia’nt~-~p-lusthe clearance volume .
The ratio of the power with complete scavenging to that
with normal scavenging should be e ual to the ratio o’f the.... ... .
volumes oft-he fresh -char:ge, tor r/ r-l), where r is the
compression ratio.....-. . .. .... . ... .. .. . . .,:. ,...

During the tests necently conducted by the Goamittee
(reference 1).ti’o:i.nvestigatti tile’:+alve-’timing of a super-
charged engine. at altitude and an unsupercharged. engine
at sea level, a scavenging %lower was connectmi to the ‘
exhaust side of the engine ..’inord”er to simulate the re-
duced exhaust pressures ,at altitude. Iq .additi,on to the
information obtained on valve timing,. these tests show
that at a compression r&tio of 5.35 with the ekhautitpres-
sure. ~”edticed to that corresponding to an alti’ttideof 18,000
f-eet the b;m.e.p. is increased”.14 per cent. For this con-
&it’ion ap”proxiruately 50 per ce’n% of’the exhaust gases were
removed from’ the clearance space; Connecting the scavengi-
ng blower to the engine exhaust is not a practicable meth-
od for scavenging the engine because the power required to
operate th’e blower would be gr’eater “than the corresp”ohding
gain i’h engine power;”

.. . ..
,, As th.e.superchargers now” in use on engines of high

-power outp~t-co~l,d also” be used as scavengiilg blowers, the
‘engine i.niitmtio’nsysteti”would not be further complicated,
and the sup’ercha.rger wou:ld:ins’tead serve a twofold purpose.
To scavenge~ the cle:aranc”e volume the valve timing of the
engine .wotiltlIkv’e to be chan~ed so ‘that ?)oth the intake
and th”e kxhliti’stvalves S.re”open ‘dliiing tbe” last

R
art of tho

s’cavenging. s’troke and the first part of “the lnia e stroke.
With this valve o’verlap’t.he dead ~a-seb’a’reblown out of the
cylin’der when they. occupy the minimum vQlume. For this
condition a large amount of “th”eburnt Cases’ in the, clear-
ance volume can be removed with a minimum loss of incoming
charge, The carburetor should be replaced with a fuel-in-
jection system”so that the time of injection of the” fuel
could be controlled. It would”undou%tedly be”impossi?%Le
to scavenge appreciably and to 3oost an engine equipped
with a conventional carburetor without carrying some of
the fuel out through tll”eexhaust.

,,
The use of a fuel-injection system instead of a

carburetor ‘for engines operating on,tQ: Ottb”’cycle h~$
been extensively investigata&.by the;Committeb durin&hp
past year.” Such a system is suited’to the 7~se of flsaf~ty
fuelsll~having a“”high flash point- as well” as of gasblin~.
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Powe’r outp,ut p“iactic”~l~IyAqu:al to” th.af with ‘g.a”sa~~?~has-
be,~n obtained usiqg’ a~~ydroge”nated: safety fti,~l, %lthough
th’e fuel consumption. ,is som”ew~at greater. During theseb

.tes~t.s~i:ttias foun~ tlia.tthe ,b.estpefforrndnce was’ obt,a,ined
whe~ the.t.st,art ‘of th~e‘fuel “injection” period was f~om 50.a
to 70° a“fter top, center ~n .thq s,u”ction ‘%trokeo With thfs
inj ect ion ~,iming it i’; re.asonabl”e t-o‘a:s.sume.that the scav-
enging can be completed” an,d the “.e”xhau’stvalve ,closed be=
fore ahy fuel is injected into the combustidu- chamber..

L

*

●

Tes’t.s’”on”valve t“iming ”(ref:er”eric’e1) showed that the -
.pqyer of-.””ariedgine can be increased by advan~ing the time
of intake opening and ,tha-tthe powed is.n’ot ‘greatly af-
fected. ‘by retarding the time of exhaust V@lv-+ziclosing.

‘ Therefore it is ieasonable”to “supp”oset-hat’ a’ large valve .
overlap” can b,e.use-d with,out sacr.ifi”citigper foiqance. of” the
indiv~dual cfliqd;~.rs., “The ‘effect .of a’ lar.g.enurnber of
,,cylinders A;per’ating;”wit.h a ..l.argeva~J+.0overlap or lon”g in-
take an”d.”exhau,s.tperiods “wo,ul,d’h.a;v”e“to %:? considered in
the design .of t’he induction and- ‘e”xhtiu”>tsystem>. Most O’f
the pres’ent ,tes,ts were .made- at.an engi~e spe~d of_l,500
r.p.,m. using,.a fuel- injecti.on-.sy;tem”a-n’d” using as a fuel
domestic aviation gasol=ine .(7S iio’octane number) plus 10 “
cubic ce’ntimdters o’fethyl. fluid per ga~”l~n. These tests
covered a rang6 of. compr&s sion”ratiqs, of 5!5 to 8.5 “and
two ‘inlet pressures - atmospheii.~ and:2,’itiches of mercury
Boost. A. few tests were also .mad”e at 5.5, cornpress{on ra-
tio with engine spe,eds.‘of’”1~200 and 1,800 r.p.m. with oth-
er conditions. ,the same as in the preceding tests. “Tests
with no ethyl fluid in the gasoline were made’ at 5.5,And

...6.5 ,compre,stiionratios, at atmospheric inlet pressure, and
“at a speed of 1,50”0 r.p’.m.. TQe tests with th”e carbul~etor
were .rnade at 5.5” compression ratio and a-speed of 1,500
r.p.m. The tests with c,arburetoy.:were .e.onduct~d with nor-

.mal valve timing and with a valve overlap of 112°, while
the tests with fuel-injection system were conducted fiith
a valve overlap of 1.1.20...,,All-tests were made at full open
throttle.! . .,

.. ....,.
.. .,.:., .,.-... -.-,

.“.
., DESC~IPTZON”,AND. ME?~Q~ . ,..~..” “.. ,. .’:”.“”-

. . . . . .. . . .. .. ..
.

. ...’..,. . . . - . . .
. .

These tests tiere’carried-”out with-th6”~.~-;C,A,:tini-
* versal test enginet which is completely deseribed in ref-

erence 2. A cross section of the combustion chamber of
this en,gine is shown in Figure 2. An electric dynamometer

-.
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is-used ,$0’alT&Or.b;th,e ~ng!~g8.~p.o.~.er.:~i,.~he:c“g.mpr’:6ssion
,.

.’%~.t!io’;..va..ve.ve,l,dft.,.ap,d,,ttie,,of~,opealng .a~n~..closing the
v“alves.’can .all.the~ver$+$ ~$~.~p.e:rideatly.~lrThq cqrlmreto.r;
:.wh5,.ch.yd u~ual”l~ USe,d w.i.t-h.t~iS,eagine wpa ‘le.f,t-in plac e.....

-’.~~d”i@” val-ot.t,le~vere. U,qred,tQ .contiol t.~e‘“a,i.r supply f,or
st~rtlng:.: A Roots, type .s~p,archarger dr~.ven by an “el&c-’
tr.ic..w.otor supplied the .qngi-newith” aj..r.at greater th~n
atmospheric pressure. Two tanks were” placed in the air
dwdt .:’be’t’whenthe supe.rc~a.r.gerand the .engine to damp pres-
~stir’e,~lsat ions. Tigure 1 ..shov’sthe set-up. -
,..,..,.
. ‘A commercial fuel-injection pump was driven fron t2~e

craak’s.ha.$tthrough a 2:1 reduction gear. rhtch also served
“ ‘as.a timing mechanism. “ .A spring- loade,d’automatic-injec -
tton. y~lve (fig.: ‘2).set to open at ~a.pressure 3f3a O00

..’,“pounds ~.ey square inch was used in the top spark-plug hoi-e.
The otk@n, two”:holes vere used for the, spark plugs .of the
dtibl~ tg,ni,t:lon system.. The nozzle .of the Injection valve
hadsbven orifices. lo,cat,edto. give a spray in a plane “
parallel, to.the crankshaft. This injection valve and noz-
zle.~ere” selected after several types had be-en tried. ,
,.

Before the tests ”herein reported were conducted, the
valve ~ift was. set at three-eighthsinch and numerous runs
‘:were made to determine the best valve tining. The settings

‘.,finally decidsd upon were as follons: inlet opens 600 be-
fo~e top center, inlet closes 270 after bottom center, ex-
hauat opens 47° before bottom center, exhaust closes 52°
after” top cer:ter. The events occurring at the bottom of
the stroke ~e~e probably not timed quite as well as was
possible, for they vere at the limit of their adjustment,
but from the data presented ia reference 1, it seems proba-
ble that-they were not displaced far enough from their’ opti-
mum positions to affect the e-ngine ~o~er ap~reciahly. Tn e
event= at the top of the s“troke were at app~oximately” their
best positions, but their timing vas not critical within
5° or 10o.

The adjustable pump-drive gear was set to give in-
jection of fuel at the time that gave maximum po”wer, and
the ac.ttial...t:imei,n.:the a:ycle,at..nh<ch injection occurred

- was determined by means .o~ q I!S”t,r.oboramall.Injection
startedat ’70° after .,top:center, o.~ t-he suction stroke; the

:...,duration of inj~ct~.on was:from 700 to 800, according to the
fuel quantity.

,,
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The torque at the dynamcnneter.,was re~d directly f~om
dial “scal”esi””an,dthe ‘fu6S cb~”sui~~i~n~q-n~e~gine speed
mdr”e deteiti!ined from_t.he :readifi-~s:c!f am’:e~eefrically. op”er-
ated countermand stop watch, “’;%h$ch”tie$e &on’riected’t-o””the”
fuel scales ‘and gav~”the tim~~an~-the””fiumbd~:,o~”,en~}ne :
revolutions requ$red ~o’us8 a“~iven wei@t”of,:uel. .:.~gr’:
all ctinditionq -fa; tihich the ‘f.uel’c~fisum~t+op;vas- desiie~
a s~riesof at,ledst ;thred. rung was made wi:hfti”ei”:,fd’{!t~s
varying from Eligktlv riclie”r-t”hannecessary “~or.iaximurn”:”
jjower t,o”iean enough to:cause a ded$ded .$rop;~ri’putier~..-.“:”T.?-::

f * The ’igniti”on tirn~ng @asset for “mhxitiumpow’er:w~bnever ai~ .

change ~a,s “rnQd@in-””the”ocdtipresisi6n~h~io; ~~, ma,x.mum. :

cylliider pre’ssures:tiere medsured wit!liti”modifi6”~:’Farnbo~o’
e’le”d~ric indicator.’ ‘(Rai4r”0nc& -3.) . “. - ~ ~ ~“~-...,.: . .. . ..:’ - ,:. ,.:,. :.

- A short series of tests was made’ usiri~”the-~c~”rbtir~t”or
in%’tea’d-of‘the- ftiel-injec”tion”sjs’tie-rn~“’Wtie.C’aib+i,etor“u&Od,
w“as “a Stiomb8r”g NA-~5.m6del to””whtc~”’~~~eedle valve had’
been added t“o give ready c“ontro’1.of,the mixt”ure ,xtr~ngtli.
Ari aut’omat’i’cregulatiri~ va,”lve’mairita-ined the g.dgoline fedd
at a constant pressure ‘“o’v-er‘that of -th”e”iqle$”.air.” The’ r
carburetor runs w“ere fiade ‘m”i~lithe’ n’~ddie “valv”k”a:d’justed~
to give ‘the maximum po~er at:ful~l’“tliro~tile.wit~”ths”-lea~t
fuel consumption. For each condition t~.e o~ti,rnum.igpition
ti.mimg was us,edexde~t for”’tihe 8.’5” ’~o@r’esSio”fl,;ia-fio’,, which
necess”i’tate’dretar’di~rigthe. i~n~-t’ig-nto e~i’minat,e de’tunat.~on.. . .

., .. .. .... ,,. ... .
‘. .. ..:.;.,.. ‘.:”-, ..:--- .:.-.

... .

., :..’ .’

... .

..
::, .’ . ....,, .....:.. . :.. .-.. : “.

‘R~SU.~S AND b~g;@~~GN ~~..-.:-.. ; .. ;... . .“. . .. ,,. .f
. . .“;. .. . . .... .,.:

In’ t’hi”s”investigation the’:sc”avenging .pre’ssur’es for .:
practically” all t~sts with the fuel-injection system were
llnited to’,2 inches of meicziky, because the injection pump

~ did’ not Wave sufficien~ capacity to supply fuel for “the
combustion of more air. The scavenging pressure for tests
with ‘the carburetor was limited “*,o6 inches of mer’cuky~
??igure’3 shows “the b.m. e.p. and the specific fuel consumpt-
ion obtained with different degrees of boost with a fuel-
inj’ection s~stiem an”d tiith.a carburetor vhen the e:g;ne is
operated with a larg8 valvb. overlap-. Similar performahc8”
data are shown for this ‘engine with a carburetor “when -
operating with standard Liberty timing or no val~? overlap.
NO correction has been rfiade”for thti”:powtii’:r”equire.d~t’odrive
the supercharger” for”ariy of the ~~t”~,pr’es”eriie”~..’This c’o”r-
rection, however,’ ,w”ould”be very small~” p;roba%”l’y.no’t”over 2
or 3 per cent of th’e total “engine p’o”wer’‘&~..2“inches”’of mer-
cury boost. It’”is; r’easonabl~ to ass~e-’tha% ‘shmrk:’’i.rnprove-

—

.

.
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ment ,in scavenging must. he, obtained with no ‘boost pres-
stire$ or there would not be so great a difference between .
the b.m,e,p. with PO valve ‘overlap and the b.m.e.p. with
a valve overlap. For the” condition using a large valve
overlap the b.m.e.p, at first increases with boosting at
a much greater rate than with no valve overlap, l?or
pressure differences ’between the inlet and “the exhaust of :
more than 4 or 5 inches of mercury, the point where the
curve indicates that the engine is almost ,completely scav-
enged, the rate of increase should be the same with either
valve timing, rith the actual value for tlie scavenged en-
gine higher “by a. constant amount depend!ng on the COW-
pression ratio. The fuel-injection system gives approxi- ti
mately 10 pounds Fer square inch b.ti,o~p. more than the

.
●

,
carburetor. The specific fuel consumption for a carlnw
rsted engine with no valve overlap and for a fuel-injec- .

.

tion engine with a valve overlap decreases with the boost
pres,sure; whereas, the fuel consumpt”i”on. for a carbureted
engine with a large valve overlay increases with the boost
p’ressure. The fuel consumption for t“he latter condition
increasee when the boost, pressure is increased %ecause
some of the mixture is wasted in the scavenging process,

.

,The effect of a large valve overlap on the b.m.e.p,
and the fuel consumption at various compression ratios

*

with fuel injection is shown by the curves in Figure 40
These curves show that the scavenging of an engine results
in a large increase in power and an appreciable improve-
ment in fuel consumption. The actual quantity of fuel in-
jected per cycle, however, is greater when the engine is
scavenged and boosted because the weight of air inducted
is greater. It will be noted.,that with a more completely
scavenged and, boo~ted engine excellent economy can be ob-
tained with exceptionally high power output. For instance!
at a compression rat-i-cof 5.5 and 2 inehtis of mercury boost
‘the b.m.e.p: is i78 pounds-per square irichand the fuel cons-
umption 0.5’1 pound per brake hoi-sep~wer per hour, as cok-
pared with a b.m.{:ip. of 145 po~inds per square inch apd a
fuel consumption of 0.54 pound per brnke horsepower per
hour for a carbureted engine operatilig” with rio valve over-
lap. (,Fig. 3.)

B’igure 5shows the results obtained at compression.. f
yaj.iOs of 5.5 and 6.5 with domestic aviation gasoline com-
pared with those obtained wi’th domestic aviation gasoline
plus 10 cubic centimeters of ethyl fluid per gallon. At
a compression ratio of 5.5 very little ,improve*nt is

..

,
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nomted iq “fuOi .consumpti.ori:or power; w~e.reas,:‘at,a..con-
pression ratio of .6*~,.the,poqeT aud, fuel consumption are
c-ons~~erahly .be.tter ,w}$h d~ped guql.. A1.tho,ugh no tests ~
mereimade t:o”dete.rrn,~qethe .,a~oun~.thqt th”e“pressure at ~
the int"akd .could,be,,.in~rea:e8d.yithout.;detona.tion -with do-
metit.ic,aviat.ion ~a801i”n,e, .+t,;isjbe-1.ievedthat at a corn-
pr.es~,~:o-n,.r.atio“qf-5..5.”th[;bo.o,&t~“rkssure ‘could be in-- ~“
creased’ at ‘.lea~”t:to ‘2.i’nch,q”s.of ,nyercury. ,.,..

... . ,..
. . .. .. . .. . .. .. . . .

“~l~fio~urg’h”~mo.stof th.e”,~~st”s.”}we~~econducted .w”ith auf-,:
.“

ficipnt,’:ekhyl”,flui,d to e~.imin,ate .d,et.~nat.ion,,a f ew testis
were made” ,,with““~ .e,thyl-fluid:,i,,n:,.:th,e:gasoline. -There .wa’s
n’o au$ib:l.e.differ.enc”e in th,e.,t,endency to”detana.t’e with ‘an
eng$’ne~~hav:}i”~g,a.SC?V qpg:e.~;q....eqrcn.ce .VOlu~,e,as cornpared .Tith
one that “is “hOt”s“c.avenge<, .:::. .. .,... : -.

The c,ur%e,,qip ~igure 6.show. th,e-,effe,ct on”“power and
f.tiel’co,nsump,%i.op.of. operat,i,ng,.at s~eeds. of .l,200t 1, 500, .
an.~.,1, 80.0 r..p,,jm. ,,,.!l~p best ,p.er.f.ormance.,w’.asroh,ta%ed at a
speed .of.l,.~0.O rip..m. ,and th,e:pQ.o.re’st,fi.er.f.ormahce.at 3.,200
r ● p,.?m? !h~.s.~..>argqQ.ifSe.rent@.in:penforaa,nce may b e caused
by the leng,:th.of either,.$he.::,inta~e’,or exha~~st pipe or’ both-
Prev.i.ous :te.stshave..~hoyn .-that at 1, 500 r.p. n. the i“nlet.~~
p.%pel~uses,,yap ,mor.efayora.b.le to.high output than ,W9S no inl-
et pipe, and” it is entirely possible that the exhaust pipe
exerted. a s,~milar,-.effect..- ... .- .:-. “: : . J.. .

,., ,.,. . . .
.. ,’ ,, ., . .

T’he.explos.~on: ‘Pres”iure,s~?”ie 660., 810, 870, and’ 830\ i“
pOUn?ls p.sr’..square’ ~g’ch for a, scavenged. engine with 2 inches
$@:,,IPerCu~y, b.oos.t,at.’.cornpressiop..ratios of, 5.5, 6.5, “7.5, ‘
and” 8..5. “Th’e explosion pre~.su.res for the ,8.5 cornpTes.sibn

* ra},io,-w.er’elo.w.becaUSe it. was necessary to retard .ihe spark
to..prevsfi.$,.detoria~,ion. , . : t; . , : .“ ,. .
,’

. . . .

The ‘kperat”ion’of the engine p~s ,.normal except at i- :
dling speeds.. It is believed the idling could be irnfiroved
by reducing the volume .bet~eent~e :thr,ottle,,and. the intake
port. With the present voluqe whepthe thro~$le” i.s closed,
the exhau’s$ .gase~ from.-t~e cylinder 51OW .in”to the .intakb
pipe. on t.h.e.fbllow~ri~.,ktroke t>ese,.lqa.d.gaigs are” in- .
ducte~” into the’co~~us$$op;”chaqbe~.: , T.be‘varying amount of
thesb,,d~~d gases, presen+ $~T ~e~ch ~ycle:-.causes the engine ,;
.*o ‘~dle”p~orlyi ‘.lYY%h,,the fu.q~=igj qct io~ ~sy;stem and no “-.““
valve overlap,’ ~.he.e~g+qe .idl.eg~sat.i~$~otor~ly.,. . ‘..: .,,..,,. .. . .

—

,, .:.:.. -.. ..,., .-,,..” . . ..L.

.’ ,’ ,.. .:- ‘: .:,. ... .. . -- ...:,.. .. J,.. :----- -“. :..-. . . . . . .

~ech~nical” considerations. - The valv~. $iming ~:hat is
best for a supercharged engine at sea level is not neces-
sarily the best at altitude because at altitude the pres-
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sure difference between the intake. and, th?. ex~,a~st”valve
is greatpr. . Furthermore~~!the”-tm~.or~anceJ of u~$ng,a scav-
enging blo$er decre~ses as”.t:ieal%i~ti(le +ncrea~eq.because
thdie is less ‘exhaust .gas”:.ih:the clea’~aqce .vol’ume; the ex-
hatist pressure being ,le~s.;.:‘AV ari.aljtit;udeof 18,000 feet
there’ ,is,approximately 50’.@:er.”.ce”nf’bj wei.~ht,.les,s..exhaust.
@“s in”the dleaxance. volu’me~at’.tkeerid of” the ..s~givenging’
str%k”e.than t:+eza ia at Ee-a’level;” hen”c:e,” the- .in.crease in
power’’due to scavenging the: engine “should be ‘only 50 per
cant of what it is at sea level. Because ther:p.ressure
difference betvreen.theintakb and” exhaus’t””i~cre~ases with”
an”-~ncrease in altitude on a“superch~rge”d Qngine the a-
mount of compressed at~,w”asted” tiould”-have fo ‘be considered
in the timidg”of the engine >opeiatfng at high altitude.
This wasted air need not be-considered foti engines oper-
ating at moder’titely low .altitudSs.

,.,.
For engines equipped with: turbos?~etchar~ers th,e im-

Fr.ovem&nt due.t.o ,scavenGing voul.d”be” obtained a} all alti-
tudes up t’o,th”6 critical altitude provided %h”at,the pres-
sure at the intake could be mai.ntainbd: a f% i“nches of
mercury higher than the. pressur’e at the exh~ust”. To ot-
tain the’ lest results with a .tur%osupercharger it may he
~ecessary also to use a,gearede u-percharger ~tth a small
compression ratio to give the necessary pressure difference.
..

The cylinder overlap must be considered also so that
one cylinder does not starve a,nother cylindqr. It is be-
lieved t-hat this diffi.culty with Q fuel injection could be
overcome by connecting each cylind’er through a, short in-
take into a common reservoir. ‘!The ’reservoir should be.suf-
ficiently large so that pressure fluctuations would pot
appreciably affect. the,charge to each cylinder. Any ram-
ming action obtained with long inlet pipes due to the ki-
netic energy of the air could le compensated for by slight+
ly increasing the:pressure in the reservoir. .

,,

The fuel-injectl-on system.is more, complicated than . -
the carburetor, but, it,has some important advantages. In
most carburete’d eng,ines,some of t’he”’cylinders receive a .
richer’ mixture than others. This unequal distribution
means ‘that all of,the mixture must %e enriched ‘tintilthe
leanest mixture which any,cylinder receives,is not too lean.
Because better distribution can be obtained wi%h a fuel-in- .
jection systen~..than with a carburetor-, the fu61 injection
should be more &conomical and give better acqe~eratio,n and
smoother running. ~ “. . :.-,‘“’~ .,-;”.:.

,%. ., ,,. ., ;
,,,. ..... .

‘.
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CONCLUSION~”-’-.;

The.results of”~he~e tests iriaicate-:~ .:; - ..” ~‘.~... L ,..;,-,”----.; .:,..-:.. ....- ,..: --,; .“:,:. -“-“--.’
1. That the’:clearance- vo~um~ of’ dr:conV.5ntion.al.~

four-stroke-cycle engine can be scavenged by using. a.
large valve overlap,.and q pressure, difference of from
“2 to 5 inches of mercu~ybe”tw~en thb ~ntake.aiid..fhe ~ ‘:
ekhaust valvei -“::...“.:. .,.- :.-:. .. ..

...- ..... .. .. -.. -, ”.. ..... .
2. That this improvement in the scavenging results

in a large increase in power and slight decrease in fuel
consumption.

3. That an increase of approximately 10 pounds pe~
square inch %.m.e.p. was o%tained with a fuel-in~ectio~
sfystem over that of a carburetor.

Langley Memorial Aeronautical Laboratory,
National Advisory Committee for Aeronautics,

Langley Field, Vs., January 25, 1932.
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Continuation of Fig.2 Combustion chsmbor and fuel-injection

valve used.
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Fig. 3 Power and fuel consumption at 5.5 coqrossion
ratio with 112° valve overlap for both fuel

injection and carburetor operation and without overlap
using the carburetor.
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. Fig.4 Power and fuel consumption with 112° valve overlap and ‘“‘--

fuel injection for different compression ratios and boos~
pressures.



N.A.C.A. Technioal Note No. 406

170

‘140

t I

I

-. x~ .-L. ..-
/x--

.— x“

— -x.—
.x--” ‘— —. -.

x--- ~ 4/-
/ 0=*
OH

T
.———.

0 1 c mpresEion rqtio \
o 11 II I ~I

.6~

——— Dome~tic axiatior.gasol:ine
—1 ~ 1! n +1 ~m3 i

1 - thyl iluid :.

-+-- ; c’ ‘

‘per al~on1 ~ /“
“a

o= “/ “.5.2>
x- x~

Y
I -

x- 1 ,.+.
x

~

L—— ;:

~
J

42 44 46 4%’: lc-~

Fig. 5

Fuel quantity, lb./cycle
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overlap and fuel injection.
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Fig. 6 Power and fuel consumption at different speeds and %oost
gressures for a compression ratio of 5.5 when operating

with 112 valve overlap and fuel injection.


